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THE EFFECT OF ALTITUDE ON BOMBER PERFORMANCE
By Paul R. Hill and John L. Grigler '

INTRODUCTION

A serles of reports, references 1 to 4, has been
directed toward relating the performance of bombers to
theilr deslgn parameters; namely, power, gross weight,
wing area, and altitude. One report, reference 5, shows
the effect on performance of variation in the efflciency
parameters: power plant, aerodynamic, and structural
efficlencies.. In all the studies the effect of design
and operating altitude on the performance has been largely
submerged whlle attention has been focused on the other
-parameters. The present study 1s devoted to the analysls
of the effect of design and operating altitude on per=-
formance.

The chlef emphasls in thils report is placed on range
performance and charts are Iirst presented giving range
as a function of wing loadlng, power loading, and dsslgn
altltude. Performance selection charts are then pre-
sented which show the high speed, the rate of climb at
design altitude, the take-off run at sea level, and the
range. The charts are presented for alirplanes with
design altitudes of 10,000, 20,000, 30,000, and 40,000 feet.

. These charts consist of performance curves on coordlnates
of power loading and wing loading so that altitude com-
parlisons masy easlly be made for constant values of these
fundamental parameters.

The selection of the basic data of weights, drags,
englne economy, and cooling power were made to correspond
to current Air Force practice or to high altitude designs
under development for the Air Forces. The values of
these factors vary with altitude. To find the variation
in performance with altitude requires a careful evaluation
of basic data and i1ts variation with altitude. Accord-
ingly, the mathematical representation of basic data and
the computations of alrplane performance with altitude
have been made in greater detall than in previous reports
of thils serles. For example, propellers have been



carefully selected and uhe efficiency computed for all
flight conditions, while for crulsing flight the engine
speed was assmmed to be adjusted to glve the maximum
ratio ol propeller efflciency to speciflc ruel consump-
tlon.

Thls anniysis is bused on airplanes uslng four
2000-horsepower engines. The results, however, 1n
ﬁeneral apply to alrplanes with other nuribers of engines.
Welghts and wing areas are varied to cover a wide range
of power . loadln; eand wing loading. In this report,
comparlison of performance or other characterlistics at
varlous altitudes is made at equal power loading (equal
gross welght) and equal wing loading (equal wing area).
To facllitate:-suclh comparisons and as well ‘to make clear
the effect of power louding and wing loading on perform-
ance at any altitude, nerformances and othsr character-
latics are presented by means of constart value contours
on a coordinate system having power loadlng as ordinate
and wing loading as abscissa.

ANLTYSIS

Range computatlons ure made by the use of the well-
known Breguet formula.

pw

= 1L dw

Ra.nge 373 ‘/uJe cD w

where

n propeller efrficlency

c sneciflc fuel consurintion of the engine, pounds

ner braxe horsenower-hour
L/D lift-drag ratio of the airplane
alrplane welght
alrplane gross welght

We airplane empty welght (gross welght less fuel,
0il, and bombs)



In previous reports all range computatlons have
been made for flight at sea_level, at maximum L/D. In
this study range computatlons are made at maximum L/D
and at constant power for various operatlonal and design
altlitudes. Fach factor entering into the range compu-
tations 1s. dlscussed separately.

Range at Maximum L/D

Figure 1l(a) shows the spneclflc fuel consumptilon,
pounds per brake horsepower-hour, required to fly the
10,000-foot design altitude alrplane ‘at maximum L/D
and full gross welight at 10,000 foet altitude,. Flgures
1(b), 1(c), and 1(d) show the specific fuel consumption
required to fly the 20,000-foot, the 30,000-foot, and the
1,0,000-foot design altitude alrplanes for the same con-
ditions at thelr respective altltudes. Taking a power
loading of 1% and a wing loading of Lo to 1llustrate the
effect of altltude on specific fuol consumption at maxi-
mum L/D, we note that the gneciflc fuel consumption at
lo,000, 20,000, 3%0,00C, and 40,000 t'eet 1s, respectlively, -
O.&3, 0.4/6, 0.52, and 0.06. This approximate 50-nercent
increase in sneciflc fuel consumption at ;0,000 feet over
10,000 feet implies a serious reduction of range at
altitude. The increased speclflc fuel consumption with
altltude 1s the result of the lncreased power required
to operate at maximum L/D at the higher altitude.:

Changes in empty welght are caused by changes in the
welght of equlpment carried by the alrplane. Although
all of the engines are of the same size and ratlng, the
complete power-nlant welght increases with the design
altitude. An 1lncrease in altltude requires an Iincreaase
in the welght of the sunercharger 1lnstallation, an
Increase in weight of the intercoolers and ducts, and an
increase 1n proneller slze and welght. Also, for the
higher altitudes, cabin supercharging equipment ls.
regulred. All increases 1n weight of equipment results
in a decrease in disposable load. Mgures 2(a), 2(b),
2(c), and 2(d) show the di'sposable load on coordinates
of power loading and wing loadlng. The disposable load
as gilven here consists of bomb load, fuel, and oll.

For a power loading of .13 and a wing loading.orf LO, for
example, the dlsposable load for design altitTdes'of 3
10,000, 20,000, 30,000, and 40,000 feet is 38=, 37, 35=
and 33 percent of the gross welght, respectivgly. 2
This effect alone would decrease the range of the L0,000-
foot deslgn altltude airplane 15 percent wlth respect to
the 10,000-foot design altitude airplane.



The propellers were selected for each alrplane from
deslign selection charts (see appendix) for the high-
apeed conditlon, and the propeller efflclency was esti-
mated from test data for all flight condltlons. It was
found that, wlith careful selection of propellers, losses
in cruising erficlency could be held to within 2 or 3
percent of peal: efiiclency as long as the wing loading
was not below about 20 pounds per square foot. If pro-
peilers are not carefully selected, a large drop in
propeller efficlency for crulsing at low power is
probable.

The thrust puwser for cooling was taken as propor-
tilonal to the brake horsepower. Hence, for performance
computations, an allowance for cooling power 1s expressed
28 a reduction in_propeller efficlency. These reduc-
tions are 5, 7, 9%, anéd 12 nercent for operatlion at
10,000, 20,000, 26,000, and [,0,000 feet, resvmectively.

A change in L/D 1s effected by a change in para-
slte drag. The assumed narasite drag of the alrplane
was made to vary with alt’tuvde because of the lncreased
frontal area of the cducts necessary for cooling.
Differences in the total drag of alrvolanes designed for
10,000 and 0,000 feet for a power loading of 13 and a
wing loading of L0, for examnle, are about one pcrcent
when flying at maximum L/D. This difference 1in drag
does not include the cooling dreg which was charged as s
decrease 1n propeller efficlency as exiplained above.

The above analysis shows that the important factors
affecting the variatlion of range with deslgn and operat-
Ing altitude for the maxlmum L/D conditlions of flight
are speclfilc fuel consumption, dlsposasble load, and
cooling power. The variation of propeller efficlency
for gptimum propeller designs an¢ the varlation in
meximum L/D with altitude are relatively unimportant
factors.

Range at Constant Power

The effects of onerational altitude on range for
operation at constant power are greatly different from
the effects for operation at maximum L/D. In the case
of overation at maximum L/D an increase in altitude
results in a decrease 1ln range. On the other hand for
operation at a given power, except for extreme cases of
flight at speeds below the speed for maximum L/D, the



higher the altitude the greater the average spesd. For
a constant value of svpecliflc fuel consumption,- thls means
that grester range ls obtained at the higher altitudes.

The adverse effects of design altitude on the dis-
posable load and varasite drag area was shown 1n the
previous sectlon. These effects tend to reduce range
at constant power in exactly the same manner as range at
maximum L/D.

For alrplanes flying at constant power at design
altltude, the above-mentioned effects of operating aend
design altlitude tend to compensate. No definite state-
ment can ve made as to the combined effect on range.

RESULTS AND DISCUSSION
Pange at Meximum L/D

Mgures 3(a), 3(b), 3(c), and 3(d) show maximum
range of airplanes designed for 10,000, 20,000, 30,000,
and 1;0,000 feet, respectively, and operating at design
altitude. Dotted lines give the cruising speed at
meximum I/D end gross welght. The shape of the con-
stant range contours for coordinates of power loading
and wing loading are slimilar for the several altitudes.
The high ranges appear in the high-power-loading region
of the chart at wing loadings of about 30 to 50; low
ranges are obtained at low power loading and are not very
dependent on wing loading. The most strikling dlfference
In the charts 1s the limltatlon imposed by the maximum
continuous power (1675 hp per englne) at various altitudes
on the allowable power and wing loading (dashed lines on
the figures). Alrplanes defined by power loadings and
wing loadings above and to the right of this line have
insufficlent power to crulse at maximum L/D end gross
welght. Hence the range curves are dliscontinued at
this 1ine. The /}0,000-foot high-power-loading alrplanes
are limited to a low-wing-loadling reglon, thus imposing
& handlicap on range possibillitles. Thus, a large gain
in reange may be obtalned by selecting an airplane
designed to crulse at low altlitude rather than high al-
titude. For instance, the maximum range with & 10,000~
foot airplane is 7750 miles while the maximum at 0,000
feet 1s only L,500 miles. On the other hand, the
10,000-foot airplene has an initial maximum L/D cruis-
ing speed of about 200 miles per hour while the };0,000-
foot alrplane has an inltial crulsing speed of about

miles per hour.




Figure li 1s a cross plot of maximum L/D ranges
glven 1n figure 3. Three airplanes represented by
points A, B, and C of figures 3%(a), 3(b), 3(c), and 3(d)
1llustrate the variatlion of range with altitude for par-
ticular values of wing loading and power loadlng. The
differences of ultimate range between 10,000- and L,0,000-
foot alrplanes at deslgn altlitudes are of the order of
2000 miles.

Flgure 5 1s also a cross plot of flgure % and shows
the maximum L/D range at design altitude for the air-
planes with a wing loading of 50 pounds per square foot.
Each curve is for a particular altituds. Besides show-
ing the change in range with altlitude this figure
demonstrates the lncrease in range possibilities from the
possible 1lncrease of power losdlng at the lower altltudes.

Flgure 6 1s a raage chart for the L0,000-foot
alrplane operating st maximm L/D at 10,000 feet alti-
tude. A repetition of curves from figure 1(d) (range
at 1Jj0,000 feet' is inclucded (dotted line) for easy com-
parison, This figure shows the range advuntage of
flying the j0,000-foot airplane a%t 10,000 feet. or
example, at a power loadling and wing loading of 13 pounds
per horsepower and [0 pounds per square foot, the (maxi-
mum) range 1s increased from 3900 to 5000 miles. This
1s because the lncreased horsepower required to fly at
;0,000 feet nececsitates e higher snecific fuel consump-
tion and the pow=r requlired for coolling !s a greater
percentage of the braike horsencwer,

By means of four sample alrvplanes, each having a
power loadlng of 13 pounds per horsepower and a wing
loading of ;0 pounds per square foot, figure 7 shows the
range at maximum L/D as a function of operating alti-
tude, It 1s seen that the range for each alrnlane
decreases with increasing altitude. The alrplane
designed for 10,000 feet has s greatsr range at 20,000
feet than the sirplane deslgned for 20,000 feet. A
similar circumstance occurs between the 20,000-foot
alrplane at 30,000 feet und the alrnlane ceslgned for
30,000 feet. This difference 1s, of course, due to the
greater welght of equipment bullt into the higher alti-
tude alrplanes. However, the advantage 1ln range 1s
obtained at the expense of c¢limb and speed performance.




Range at Constant Power

Figure 8 shows the range of airplanes operating at
maximum continuous power (1675 hp) at design altitude.
This 1s the flight condition iIn greatest contrast to
flight at maximum I,/D; this conditlon giving the short-
est range, maximum L/D the longest. In splite of this
great difference the range contours bear a striking
similarity in the two cases, except for the presence ofa
somewhat unimportant optimum wing loading for the maxi-
mum L/D condition. The 1ncrease of range with power
loading 1s marked Iin both cases. Range at other flight
condltlons between these extremes 1s affected by power
loading in a simllar manner. Comparison of figures
8(a), g(b), 8(c), and 8(d) shows the high-altitude plane
has a slight advantage excent at low power loading.

The four curves of figure 9(a) represent four
alrplanes, each with & power loading of 13 and a wlng
loading of Lj0, having deaign altitudes of 10,000, 20,000,
20,000, and ;0,000 feet, respectively, and flying at
10,000 feet altltudse. These curves demonstrate the
effect of deslgn altitude on range for flight at con-
stant power and cover flight conditlons from minlimum
nower at gross welght to maximum contlnuous cruising
power. The difference in range for crulsing at a con-~
stant crulsing power at the same altitude 1s 1in favor of
the lowest design altitude alrplene. Thls 1s chlefly
due to changes in the welght of equipment with o small
effect due to drag coefficlient. These effects are
general and apply to all the airplsnes. In thls pur-
ticuler example the propeller of the L,0,000-foot airplane
1s slightly underloaded, also causing a slight drop in
range.

Flgure 9(b) shows the effect of operating one air-
plane at constant power at various altitudes or air
densities. The airplane has a power loading of 13, a
wing loading of L0, and a design altitude of L0,000 feet.
The curves show that the higher the airplane flies at a
glven power the greater the range. This 1s because air-
planes at a higher altitude fly faster on a given power
and hence farther, A greater range may be realized,
however, with a decreuase in altitude becpuse level flight
may be maintained with a lower percent of the power.

Mgure 9(a) gives the effect of design altitude
showlng the penalty of high-altitude equipment on range.
Flgure 9(b) shows the range advantage of operating at



high altitude in low-density air at a given horsepower.
The combined effects of equipment and denslty shown in
figures 9(a) snd 9(b) are shown in figure 9(c).

Plgure 9(c) showa the curves of range for flight at con-
stant crulsing power for airplanes of four design alti-
tudes, each flying et 1ts design altitude. At highest
powers some range advantage 1s shown for the higher
altltude airplanes. However, because level flight may
be malntelined at a lower power at the lower altitude, an
increase 1n raunge may be obtalned at the lower altitudes
by taklng advantage of flight et low power.

Performance Charcs

Flgure 10 1s a set of performance charts. Each
chart gives the take-off run at sea level, the rate of
climb at maximum L/D with full militarr power, high
speed, and the maximum I/D crulsing range at design
altitude. Comparison of selection charts for several
altitudes presents a general plcture of the varlation of
bomber performance characteristics wlth altitude.

Charts of this type are useful 1ln selecting a power
loading and wing loading to obtaln a desired compromlse
of performance charuacteristlcs.

The following table gives the performance as taken
from flgure 10 for two alrplanes represented by polnts
A and C on the figure. The table shows for the two
1llustrated polnts how the deslign altitude performances
of maximum L/D range, high speed, and clirmb with mili-
tary power vary with design altitude and how the take-off
run at sea level varies wlth deslgn altitude.



‘ PERFORMANCE AT DESIGN ALTITUDE

P—

POINT A
w/P 16 W/s 30
Altitude, ft 10,000 20,000 30,000 40,000
Max L/D range, miles 6,650 6,0C0 5,300 l,300
High speed, miles/nr 250 270 292 ., 315
Climb, ft/min 850 750 550 250
Take-off runi, ft 2,900 2,700 2,500 2,300
POINT C
wW/P 8 W/s 70
Altitude, ft 10,000 20,00 30,000 L0,200
Mux L/D renge, mlles 3,L00 2,90) 2,300 1,700
High speed, miles/hr 21,0 Z27) 00 430
Climb, ft/hiT : 1,350 1,5C2 1,200 700
Take-off run~, ft 2,500 3,50° 3,200 2,900

lag sea level.
CONCLUDING REMARX

In summarizing the effect of altitude on range
performance 1t was found that:

l, The greatest range 1s obtalnzcl for a low-altitude
deslgn operating at low altitude with ths airplane flyin
at the maximum L/D condition (constzrt angle of attack).
The penalty is small for increased operatlonal altitude
if the wing loading and power loading a.re small but
becomes important for high wing and powor loadlngs.

2. If the flight is made at a conttant power greater
than that required for the maximum L/D condition at a
glven mltitude at design gross weight, the range increases
with operating asltitude until the power condéition corre-
sponds to that required for maximum I/D.
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3. The range obtained for fllight at constant power
1s always lezs than that for fllight at max L/D.

4. An Increase In desipn altitude of an alrplane
always decreases the ultimate ranpge due to the increaced
welght of altitude equlpment.

5. A comparison of alrplanes operating at varlous
deslpen altltudes for tlhie constant power condition of
flight may show an Ilncrease In range with altitude due
to lncreased operational speed or a decrease ln range
due to a decreascd fuel load. The comparlisor. shows an
Increase or decrease 1n range denending on which effect
predominates.

6. In general, 1f the flight 1s to be made at
maximum crulsing power, an lncrease in both design and
operating altlitude glves increased range and increased
speed.

Langley Memorial Aeronautical Laboratory,
Natlonal Advisory Cormlttee for Aeronautlcs,
Langley Fleld, Va., October 15, 1943,
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APPENDIX
_Power Plants . .. . .o

The alrplanes are each powered by engines capable of
developing 2000 horsepower at rated altilitude. Power
plants rated at 10,000 feet are mechanically supercharged
by a single-stage blower, those rated at 20,000 and 30,000
feet by a single-stageée turbosupercharger, and those rated
at ;0,000 feet are supercharged by a two-stage turbo-
supercharger, The welght of englnes and accessorles for
varlous altitudes are glven in the section on weights.
Accessorles include o0ll coolers and aluminum Intercoolers
of sufficlent size for low power consumptlion at rated
altitude. The curve of minimum specific fuel consumption
1s given in figure 1ll(a) together with the corresponding
engine speed,

In cases of crulsing at minimum specilfic fuel
consumption, 1f the maximum ratio of propeller efficlency
to speclflc fuel consumptlon was not obtalned, the englne
speed was adjusted until this ratio was a mzxlmum.

Flgure 11(b), giving specific fuel consumption as a func-
tion of both englne speed and horsepower, supplies the
necessary information.

Cooling Power

Thrust coolling horsepower 1s taken as proportiona.
to brake horsepower. Th!s assumptlon makes 1t possible
to account for cooling losses by an equivalent reduction
In propeller efficlency. The following table glves the
reduction of propeller efficlency assumed to allow for
coolling.

Thrust coolling power

(percent brake hp) Aporoximate reduction
Al?%g?de (Also equiv. reduction of brake hp
of prop. efficlency) (percent)
10,000 5,0 6.0
20,000 T.0 8.0
0,000 9.5 11.0
0,000 12.0 1.0
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Propellers

Four-blade propellers were used throughout this
study so that propeller weights were kept uniform.

The propeller efficlency for the range condition was
carefully investlgated and nropellers were selected that
were sulted for gocd range nerformance, with the hilgh-.
sneed condlitlon given less consideration. This study
was necessary because, wlith the englne operating at the
speed for minimum speclfic fuel consumption with the air-
plane flying at maximum I,/D at its design altitude, the
propeller mav stull and a serious loss in efficlency
occur, To avold the selection of extremely large
propellers, propellers were selected to operate wilth a
tlp speed of 1.05 times the speed of sound for the high-
speed condltlon.

At a value of V/nD below two, anaulysils of the
exnerlmental data in reference 6 shows that the C;, at
the C.7 radius for neak efficlency varles approximately
as the curve in figure 12. Above a V/nD of two, the
C;, &at the 0.7 radius rises slowly but because of com-
presslbllity limitations 1t was held constant at 0.51.
On the same figure the curve of (UCL)O.7R 1s shown,

90.7R being held constant at 0.138 for a four-blade
prooeller. The propeller selection chart (fig. 13) was
nrevared for nropellers having optimum loading distribu-
tlon but may be used for any efflclent nroneller. This
chart was mude frorx the data in reference 7. Heving the
forward veloclty and tin speed given, the V/nC 1is com-
puted; the value of (CL)O.TR is reaéd from figure 12 and

the value of 14/P, read from figure 13. Then the

T
dlameter 1s glven by D = —-—Z&EE===, For extremely
\,/TTP V3/8P

low-speed slirnlanes the nropeller diumeters were limited
to 19 feet even though the selection chart shows a larger
dlameter propeller required for highest efficlency.

After the dlameter and gear ratlo were established, the
proneller gfficiency was determlined from the test data of
reference v, The take-off criterion of all propellers
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was Investlgated to ascertaln that the propellers: were
unstalled in the take- off range.

Propeller weights were taken from figure lh in
accordance with the dlameter.

Drag

The drag coefficlents used are representative of
those obtalned on modern high-performance alrplanes.
The wing profile-drag coefficlent is taken as 0.0090.
The tall drag coefficlent based on wing arsa 1s taken as
0.00%0. The drag coefilclent of fuselage and nacelles
based on effective frontal area 1s taken as 0.120.
These coefflclents combine to give an expression for
profile-drag coefficlent,

Cp_ = 0.0120 + 0.12 F/S
(o}

where F 1s the effective frontel erea of fuselage and
nacelles, and S8 1s the wing area. In uddition CD

1s varlied with Mach rnumber in the manner shown in

flgure 15, This varlation 1s in accordance with the
assumption that the alrplane does not reach the critical
Mach number. At any given altitude F 1s talten to be
constant. This allows for the nacelles becoming effec-
tlvely more submerged in the wing as the gross weight
Increases. The nacelle frontal areas are increased
with altitude to admlt 1ncreased quuntities of cooling
alr,. Estimates of the size necessary are based on main-
talnling the ratio of entrance veloclty to flight speed
wlthin a reasonable range for all flight conditlons.

The resulting values of eflective fuselage and nacelle
frontal areas are as follows:

Design altitude Effective fuselage and
(£t) nacelle frontal areas
(sq £t)
10,000 137.8
20,000 Z9,
0,000 1[1.2
0,000 ’ 1

Snan Ractor

An additlon to the minimum parnsite and 1deal
induced drag is assumed and expressed as an lncrease
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in the induced drag. Thus, the induced drag 1s divicded
by a span factor as in the equation

b
D= CDO QS +

2ng
The value of e 1s taeken as 0.0 in this analysis,

Aspect Ratio

An aspect ratio of 10 has been used throughout thils
analysis. The effect of aspect ratlo on maximum range-
and speed is not critical over a wlde range of aspect
ratio,

L.oad Factor

A design load factor of ! has been used in determin-
ing the wing welght. The design loading condition is a
bomb load in the fuselage equal to 5 percent of the gross
wolght and tho fuel load distributed in the wings.

Wing Thickness

A 20-percent wilng-thickness ratlo at the xroout chord
was used for all alrplanes. Thls wing is thick“enough
to keep the wing welght reasonable but not thick enough
to cause a high drag.

Welghts

From alrplane weight studles the following weighﬁs
were selected:

1, The landing gear 1s 71 percent of the gross
welght, 2

2. The fuselage welght varies with the 2/3
power of the gross weight as in figurec 16. Thlz makes
the welght vary roughly with the surface area.

3, The welght of each engine with accessories
1s:
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"Altitude Fngine|Inter-|Super- |Controls|O0ll cooler|Total
welght|cooler|charger| and |  &and except
- “I" and | instal-|starting/ miscellu-~ |nro-
ducts | lation neous peller
10,000 2365 o (a) 100 250 2715
20,000 | 2265 | 230 370 100 250 3115
0,000 2265 255 370 100 250 52%0
0,000 | 2265 | 295 555 100 250 31,65
(a)Welght of supercharger included in engine weight.
li. The assumed weight of cabin furnishings and

of armament and armor are glven in figure 17(a). .

5. The welght of electrical equlipment, surface
controls, and hydraullc system are given in figure 17(Db).

6. The weight of cabin supercharging equipment
incorporated in airnlane with 20,000 and ;0,000 feet
design altitude is glven in figure 17(c) and 1s in
addltion to the l1tem of cabin furnishings.

7. The crew 1s massumed to vary from six mem-
bers at a gross welght of [j0,000 pounds to nine members
at a gross weight of 265,000 pounds. A welght of 200
vounds 1ls allowed for each crew nember. aAn addltional
15 pounds of oxygen equipment 1s installed for each man.

8. Certain weights have a fixed value:
Instruments ;o0 1b
Communications 600 1b
Automatic pllot 250 1b

9. Wing weights-

If 1t 1s assumed that the weight of a wing 1is
proportlonal to the amount of metal required to resist
the apnlied bhending moments, the following relationship
betgeen wing welght and other alrplane parameters may be
derived:

A . 2
= (w - CqWp - wl)fRB/Zsl/

Wyt
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in which By trlal on modern Amerlcan bombers and pursult
planes the average value of K 1s in the nelghborhood of
100,000. Keeplng the same general arrangement of the
equation except for the lntroductlion of a taper ratlo T
and trying all promising combinations of exponents on a
serles of alrplanes ylelds the following relatlonshlp

for the least deviatlon of K from an average value:

(w - C ¥y - w1)°'7f°'731°4s°-6

-r. O.
e Tttt

The value of K = 24C0 was derived from a number of

Army Alr Force airplanes and is used in the determlna-
tion of wing welght for this report. The value C; 1s
taken as 0,85.

10. The weight of tall surfaces 1s taken as
10 percent of the wing welght.

11. The welght of fuel system 1s 0.65 pound
per gallon of gasolilrne.

12. The oll system welghs 1.25 pounds per
gallon. Sufflclent tankage welght 1s included to obtain
maximum range with no bomb loud. The tanks ure ascumed
to be carried in the wings.

Calculatlon of Performance

Calculations of speed, range, climb, end take-off
were all made in conventlonal manner. High speed 1s
computed at military power (2000 hp pser sengine). Range
is computed by an integration of the RBreguet formulea.
Climb 1s computed at maximum 5L/D and full military
horsepower. Take-off run ls computed for seoa level by
Diehl's formula (reference O) assuming a take-off 1ift
coefficisnt of 1l.2.
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Iist of Symbols

ad A me

s . —_— .

11ft coefficlent
profile-drag coefficlent

coefficient multiplylng the distributed load
to gilve the elffective dlstrlbuted load

alrplane drag, except propeller diameter in
propeller characteristics

span factor

effective fuselugye aud nacelle frontal area
design load factor

wing welght cnhefficlent

alrnlane 1ift

lift-drag ratio

englnc power

2
v
EDaqV

propeller power coefiiclent, Po =

dynamic vressure, q = %—pv2

asvect ratio; as subscript, propeller radius
wing area

wing teper ratio

wing-root thickness ratio

ailrplane veloclty

airplane gross welght

wing loading, pounds per square foot



w/R power loading, pounds per horsepower - take-off

bl wing welzht
Wo distributed load in wing
P mass dens_ty of air

C0.7R propeller solld’ty at 0.7 radius; the ratio
of the total blade chord to the cilrcumference
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